Abstract. 2014 We have employed fourth-order coherence-function theory to study the influence of the partialcoherence properties of pump beams on the laser-induced gratings. First, we examine the formation of molecular reorientational grating. The different roles of phase fluctuation and amplitude fluctuation have been pointed out. A time-delayed method has been proposed to distinguish molecular reorientational grating from thermal grating. We then apply the fourth-order theory to study the Bragg reflection from a population grating. We obtain an analytic solution which enables us to make an extensive investigation on the temporal behaviour of the Bragg reflection signal. This study is especially helpful for elucidating the generation mechanism of population grating.
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J. Physique 48 (1987) 2089 -2096 [1] . When the frequency of the incident beams is near an atomic transition, the resonant nature of the interaction also leads to a strong connection between DFWM and Dopplerfree high-resolution nonlinear spectroscopy [2] .
DFWM signal comes from the diffraction of light from laser-induced gratings. Since the gratings are originated from the interference of two pump beams in a material, the generation mechanism is influenced by the partial-coherence properties of pump beams. This problem has been studied by Eichler et al. [3] .
They gave a second-order coherence-function theory, where, the Bragg reflection signal intensity is represented as an absolute square of a nonlinear polarization which is averaged over the stochastic realizations of the electromagnetic field. A similar theory has also been given by Grossman et al. [4] .
According to these theories, gratings cannot be induced by partially coherent lights from two independent sources. Also, no Bragg reflection signal can be observed when the relative time delay between two pump beams, which are generated from a single laser, is much longer than the coherence time. Since it is the signal intensity which is measured, the correct procedure to treat this problem is to average the absolute square of the polarization over the random variable of the stochastic process. Using this method Trebino et al. [5] have studied the effect of pulse-width and grating decay on the formation of thermal grating.
In this paper, we will develop an unified theory The Bragg reflection signal intensity is proportional to the average of the absolute square of the polarization over the random variable of the stochastic process. If pump beams are from a single source with relative time delay T, i.e., Ut(t) = u(t), U2(t) = u (t -T ), while the probe beam is from an independent source, we have the signal intensity I(r) = {3K( T) with:
Equation (6) [10] . According to equation (59) in reference [10] we can show that: where a = 6 w /2 with S úJ the linewidth (FWHM) of laser source. Evaluating the integral in (6) yields :
We have the normalized signal intensity Figure 1 is the theoretical curve of (9 Here N is the atomic density. The Bragg reflection signal intensity, which is the stochastic average of the absolute square of the nonlinear polarization, is:
If pump beams are from a single source with relative time delay T, i.e., Ul(t) = u(t), U2(t) = u (t -T ), while the probe beam is from an independent source with extra-short correlation time, i.e., (U3(t') U3*(t"» = 5 (t' -t"), we [6] [7] [8] .
The constant background is originated from the incoherent grating. Define a parameter C as C = q I (oo)/(1 -Ty (oo ) ), which measures the con- [13] , the relation between field autocorrelation function and the power spectrum So(A ) is We have from (27) Or the Bragg reflection signal intensity is :
It is not difficult to show that (30) is equivalent to the corresponding results in references [7, 8] . However, Asaka et al. [7] employed rate equation approximation, therefore an assumption of Y2 &#x3E; yl should be imposed in their derivation at the beginning.
Here we note that in the limit of y « Y2, a, the constant background can be ignored.
In conclusion, we have employed fourth-order coherence-function theory to study the influence of the partial-coherence properties of pump beams on the laser-induced gratings. First 
